Abstract
32
The larger the solar collector field and the number of collector rows, the higher the risk of non-uniform flow Year and installation costs, lower thermal losses from the distribution lines, reduced pressure drop and consequently lower pumping power. Since reduction in pipe length and uniform flow distribution cannot be 66 optimized simultaneously, a compromise between the two needs to be found. Rohde and Knoll (1976) 
130
In this study the collector pressure drop was calculated using the model proposed by Bava and Furbo (2016) .
131
The modeled collector was a HTHEATStore 35/08 from the company Arcon-Sunmark A/S (SP, 2015 
196
The experimental data points were then interpolated with the expressions (Eq. 8) and (Eq. 9). The specific
197
heat was not determined, as it was not needed for the validation. 212 
221
The solution of (Eq. 10) represents the temperature profile along the collector row and is given by (Eq. 11): 
229
As can be seen from (Eq. 11), the temperature profile along a collector row is function of its flow rate, so 230 rows supplied lower flow rates reach higher temperatures.
231
Given an initial total flow rate as input, the model assumes that the flow is uniformly distributed across the 232 collector field. To calculate the true flow distribution, the numerical model solves iteratively the set of 233 equations (Eq. 12), which impose both the conservation of mass across the collector field (first line in (Eq. 234 12)) and the uniformity of pressure drop along the different hydraulic paths (from second line downward): 
253
The system of equations (Eq. 12) is iteratively solved until the maximum difference in the collector row flow 254 rates between two consecutive iterations is lower than 0.1%. Assuming a collector array with 24 hydraulic 255 paths, such as that used in this study, a typical calculation is performed in approximately 0.1 seconds for a 256 computer with quad-core CPU and 2.4 GHz CPU frequency.
257
The Matlab code of the model is publicly available online (Bava, 2016 inlet, could be used to isolate a specific row from the rest of the field, when maintenance was needed.
285
The heat transfer fluid in the collector field was a 35% propylene glycol/water mixture (Section 2.1.2). 
306
so to induce a stronger flow maldistribution, which could be more easily detected.
307
As the total field flow rate was expected to be the most important parameter affecting the flow distribution, 
325
The instantaneous values of the monitored data were recorded once per minute. 
400
The difference in flow distribution between the eastern subfield (rows 1-12) and the western subfield (rows 401 13-24) is easily recognized. In the eastern subfield the valve settings were changed so to introduce a stronger 402 maldistribution than in normal operation. The settings of the first 10 valves were modified, so to cause a 403 decreasing flow rate profile. In the western subfield the valve settings were not changed, so the flow 404 distribution was much more uniform.
405
To evaluate the accuracy of the model, the root-mean-square deviation (RMSD) is introduced (Eq. 15).
where z is the measured value of the investigated parameter,
408
̂ is the estimator of the investigated parameter.
409
To make the different RMSDs immediately comparable irrespective of the field flow rate, the RMSDs were 410 evaluated using the dimensionless flow rate V´ (Eq. 14). Table 2 lists the RMSDs and the maximum relative 411 difference for the three flow distribution tests. 
412

424
In the simulated scenarios the RMSD was used as main parameter to evaluate the degree of maldistribution.
425
Unlike in the model validation, the term of comparison was now the uniform distribution profile (z=1 in Eq. 426 15).
427
It can be noted that the higher the flow rate, the more uniform the flow distribution. At flow rates equal to or 
438
Despite the much higher viscosity of the glycol/water mixture at low temperature, the flow distribution was 439 very uniform. The maximum deviation of row flow rate from the perfectly uniform case was 3.5%. Unlike 440 case 1, higher flow rates did not necessarily entail a more uniform flow distribution. 
475
It can be noted that only subcase 4.1, which makes use of balancing valves, gave a uniform flow distribution.
476
As expected the better distribution was found for the flow rate of 50 m 3 h -1 (RMSD=3.5·10 -3 ), at which the 477 balancing valves were regulated. In this case the flow rate in each row never differed more than 1% from the 478 perfectly uniform distribution. This deviation increased at lower flow rates and at 8 m 3 h -1 it was within 2%, 479 while the RMSD was 0.01.
480
Removing the balancing valves while decreasing the distribution pipe diameter with the flow rate (subcase Comparing the highest and the lowest row flow rate, the former was about 30% higher than the latter. 
525
The effect of removing the balancing valves was investigated in case 3.1 (Figure 12 ). 
588
Relatively small fields with few collector rows and regular layout can also achieve good flow distribution 
